ABSTRACT
Proper analysis of the performance of homology detection and fold recognition methods is a most important task for the development of new and the improvement of existing computer programs and algorithms. Benchmark results are frequently presented in the form of a receiver operating characteristic (ROC) analysis or similar plots, comparing the number of true positives against the number of false positives. However, such plots regularly differ in the datasets used and other details that prohibits a fair comparison among different benchmark results. Here we provide a standardized dataset, called COPS-Benchmark 2009/6, derived from the classification of protein structure (COPS) database (Suhrer et al., 2009) . Additionally, we offer a convenient interface for the analysis of a specific alignment method or search tool and for the comparison of its performance relative to established methods. This is achieved by uploading a standardized list of results for each query and (optionally) the corresponding alignments.
The analysis is divided into two parts. The first section of the web page provides a quick graphical overview of the uploaded results and puts them into relation to widely used alignment methods. Here, we use the classic ROC curve, plotting the sensitivity against the * To whom correspondence should be addressed. false positive rate. At the choice of the user, this can be changed to display the absolute number of true positives in comparison to the number of false positives. As shown in Figure 1A , the performance of various standard search tools varies considerably. It increases from standard BLAST (Altschul et al., 1997) to HHsearch (Söding, 2005) , obviously correlating with the amount of information used by the individual methods. Where standard BLAST uses only amino acid substitution tables, HHsearch incorporates multiple sequence alignments and predicted secondary structures. A second view is provided for analyzing the predicted results up to a given rank of the result table. Here, only the number of true positives, respectively the number of false positives, is shown for each rank, making it easier to analyze the performance for different thresholds or cutoffs (Fig. 1B) .
The remainder of the results page provides a detailed analysis of the alignment methods. For each query, a table is presented, which lists the predicted targets for all algorithms, sorted by the average number of true positives. Each line starts with the name of the algorithm, followed by the COPS identifiers of the targets, ordered by rank within the result list of the respective alignment method. Targets with a green background represent true positive predictions, while targets with a red background represent false positives. Clicking on any of those domain identifiers shows the structural alignment between query and target using the TopMatch webserver (Sippl, 2008; Sippl and Wiederstein, 2008) , making it easy to judge the extend of similarity of query and target. Additionally, if alignment results are available for a given query and target pair, the sequence identity and the length of the alignment is displayed after the target identifier. Optionally, the associated alignments are displayed as a TexShade-PDF file (Beitz, 2000) .
Sorting a result table by the gold standard, i.e. the rank obtained from the TopMatch structural alignments, it is also easy to determine the targets that are especially hard to find and to identify regions in the alignments that differ from the corresponding structure alignment. In this variant of the result table, the lines for each algorithm display the targets found and the targets missed from the gold standard, while false positive hits are appended as an additional column at the end of each line (Fig. 1C) . If an alignment to a target is found after the allowed number of hits, the position of the alignment in the respective result list is shown, indicating whether an alignment is only missed by one or two hits or whether it is buried deep inside the false positives. Finally, sorting the results by the gold standard allows the construction of multiple alignments provided the required COPS Benchmark Fig. 1. (A) ROC analysis of the benchmark results as generated by the COPS-benchmark. Currently, the benchmark contains six true positives and 1050 true negatives for each query. The vertical axis shows the sensitivity of the reference algorithms for each rank of the respective result tables, while the horizontal axis shows the false positive rate (1-specificity). (B) Cumulative analysis, where the absolute number of true positives is shown for each rank (1-6) of the result tables, e.g. each Top 3 column is the sum of the true positives within the best three results for each query for that alignment method. The gold standard (orange) serves as reference for the best result possible. (C) Detailed analysis of the results as retrieved for the query c2fcdA_, sorted by the gold standard. As can be seen only COMPASS (Sadreyev and Grishin, 2003) and HHsearch achieve the optimal result for this family. (D) Structure alignment of c2fcdA_ and c1sjjA7 as provided by the TopMatch webserver. The query structure is shown in blue and the target structure in green while structurally equivalent residues are displayed in red and orange, respectively. The structure alignment makes it easy to judge the extend of similarity between query and target. (E) Multiple alignment of query c2fcdA_ and target c1sjjA7 as returned by the different methods. For this example all methods, except for regular BLAST, yields very similar alignments. However, despite the high similarity of alignments, the associated ranks obtained are distinct due to the different scoring schemes employed by the various methods. Hence, although the alignments may be quite good, the respective method may fail to reveal the relationship.
alignments are uploaded to the server (Fig. 1E) . Here, the color of the method indicates whether an alignment corresponds to a true positive (green) or to a false negative (red).
To summarize, the COPS benchmark provides a standardized tool for the analysis of sequence alignment methods, homology search tools and fold recognition techniques which is easy to use. Most importantly, any method can be immediately related to several popular methods. Hence, the server is a useful tool for a wide range of problems encountered in bioinformatics, and in particular for algorithm developers and for all users who need to understand the range of applicability of various alignment methods.
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